We discuss the non-minimal interaction between gravitation and electromagnetism. It is shown that the velocity of photons varies with time in a Universe with zero matter density, zero cosmological constant but is filled only with "dark matter".
too small for any instrument to detect.
Einstein's action in five dimensional space, with the four dimensional fields seperated out reads [3] :
where
K is the gravitational constant A, B, C . . . represent five-dimensional space-time indices and A µ = g 5µ ; φ is the gravitational field, and F µν the electromagnetic one. So the five-dimensional theory, yielding the usual Maxwell theory coupled to general relativity.
In conclusion, it is a matter of fact that the gravitational field must interact with the others fields. In what follows, we will consider the following non-minimal coupling R µν F µ α F να . We begin by introducing the gauge invariant lagrangian density with parity conservation [4] :
where ζ is the coupling constant, R µν the Riemann curvature and g is the metric. In this way, the fields equation reads:
Here D ν refers to the covariant derivative.
Following [5] , if we admit that there exist a surface S such that:
then equation (4) takes the form:
In fact, the surface S is represented by φ(x) = 0 and its normal is given by K λ = ∇ λ φ.
Before elaborating our model, let us recall briefly some important aspects of hot Big Bang cosmology.
In general relativity, a homogenous and isotropic Universe is characterized by two quantities, the spatial curvature k and scale factor R(t). These are related to the energy density ρ by the well-known Friedmann equation [6] 
We summarize the assumptions neccesary for the derivation of the Friedmann equation:
a) The Universe is homogenous.
b) The energy-momentum tensor is a linear function of the coefficients of the quadratic terms in the locally Lorentzian-Robertson-Walker metric, i.e.,R R andṘ
c) Energy is locally conserved:
where p is the pressure of the fluid particles. For any value of the Hubble expansion parameters H, there is a critical density which solves Equation (7) for k = 0;
.
Observation of the dynamics of galaxies and clusters have shown that the amount of "matter" is Ω M = 0.3 ± 0.1 [7] (Ω = ρ ρ critical ), short of the critical density. At the same time, however, observations of temperature anisotropies in the cosmic microwave background (CMB) are consistent with nearly scale-free, gaussian, adiabatic primordial density perturbations for a nearly spatially flat Universe, Ω total ≈ 1. We therefore infer the existence of a dark energy component smoothly distributed through space with Ω dark ≈ 0.7.
Meanwhile measurement of the distance vs. redshift relation for type Ia supernovae have provided evidence that the Universe is accelerating-that isR > 0. This therfore implies that, to make the Universe accelerate, the dark energy must b varying slowly with time as well as with space.
There is a staightforward candidate for a dark energy component that varies slowly in both space and time: vacuum energy or the cosmological constant. The idea that the dark energy density is simply a constant inherent in the fabric of space time is an excellent agreement with the data, but raises two very different questions: 1) Why is the vacuum energy so much smaller than we would think of as its natural value?
2) Why are the matter and vaccum energy densities approximately equal today?
There is also another direction: extra-dimensions. Recently, Randall and Sundrum [9] have proposed two models in which our Universe is a three-brane embedded in a five-dimensional anti-de-Sitter (AdS 5 ) space as a possible solution to the hierarchy problem between weak and Planck scales. The RS model has reignited the interest in brane gravity. A somewhat different approach, to be reffered to as geodetic brane gravity, has been advocated long ago by ReggeTeitelboim [10] . The corresponding geodetic field equations
describes a generalized geodetic motion of an embedded lower dimensional brane [11, 12] parametrized by means of x µ (µ = 0, 1, . . . , n), in a higher dimensional background spanned by y A (A = 0, 1, . . . , N).
In a recent paper [13] , within the framework of geodetic brane cosmology formulated by virtue of 5-dimensional local isometric embedding, in the presence of a cosmological costant Λ, we found that the FRW evoloution of the Universe is governed by the effective ρ + ρ Λ + ρ dark rather than by the primitive ρ + ρ Λ (for cosmological convenience, ρ dark ≡ 3m 2 8πG , where m 2 ≤ H 2 ) [13] . In this case equation (7) takes the form:
The energy-momentum tensor takes then the from:
and the Einstein field equations are:
In our approach, Equation (11) is valid in 4D as well as in 5D space-time [14] .
In the radiation dominated era, Equations (6), (12) and (13) give:
For simplicity, let
By contracting Equation (14) by U µ , we get
while the antisymmetry of φ µν gives:
Equation (14) then becomes:
Using (5) and Maxwell equations ∂ µ F µν = 0, one finds:
and by contracting by k λ :
while the terms φ νλ k λ and φ µλ k λ are determined from (18) to get
Replacing Equation (21) into Equation (20) gives:
From equation (19), one can derive k µ φ νλ and replace it into Equation (22) and simply get:
The antisymmetry of φ µν eliminates all the k ν terms and we are left with:
and finally from Equation (15):
This equation is true ∀ φ µν , so that k 2 − Nk 2 0 = 0.
In the radiation dominated era, the velocity of light is given by:
It is clear that for ρ dark = ρ = 0 and Λ = 0, the velocity of light is equal to c. While for ρ = Λ = 0, the velocity of light depends on ζ and is given by:
For ζ = ,
To make the Universe accelerate, the dark energy must be varying slowly with time as well as in space. If we perceive the present Universe as having constant deceleration parameter, q, like, for instance, Einstein-de Sitter's Universe, where q = 1 2 = cte, we may use Berman's [15] formula for the Hubble's parameter H = where H =Ṙ R and q = −R Ṙ R 2 . In this case, from equation (11) We see that the speed of light varies with the age of the "dark" Universe. Only when t → ∞, v → c (celerity of light). If we impose that the celerity of light is constant and equals to c, then ζ must be equal to zero and this excluded the coupling made between the gravitational field and the electromagnetic one. Further details will be dealt in subsequeant papers.
